In 1902, Frederic E. Ives pioneered the use of an opaque mask with evenly spaced vertical slits (parallax barrier) for viewing in stereo without special eyeglasses. 1 Applied to the modern image panel, the barrier provides selective vision of odd and even image columns to the left and right eyes. The main advantages of the device are simple manufacturing and the absence of optical aberrations. The disadvantages are light loss and diminished horizontal resolution, which have been an obstacle to the widespread use of parallax barriers for years.
Figure 1. Scanning parallax barrier: operating principle.
between switching of the parallax barrier and image updating. The challenge is that updating an image line by line takes almost the entire frame period, but the time-division parallax barrier is switched all at once. In other words, exact synchrony with the image update process is provided for only one line of the image (e.g., the central line). For the remainder, the temporal mismatch between line-by-line updating and barrier switching increases toward the top and to the bottom of screen. Our technique is based on segmenting the barrier structure vertically, thus making it possible to switch segment by segment. Figure 1 shows the main principle of the technique in schematic form.
The parallax barrier switching method applied is similar to the line-by-line method of updating images in OLEDs. Exact synchrony in scanning can be achieved if the barrier panel has at least the same number of segments as the vertical resolution of the image panel. We found that a smaller number of the wider segments is also acceptable. A few comparatively wide segments, switching quasi-synchronously, can be applied if the 'time mismatch crosstalk' does not exceed acceptable levels of the order of 1%. With optimal phasing, the maximum time mismatch does not exceed 1/(2N)th part of the frame period, where N is the number of segments, which corresponds to the average crosstalk C = 1/(4N). For instance, the number of segments in the prototype is 19, thus C = 0.013. Figure 2 illustrates the transparent electrode structure of the segmented parallax barrier. Two individually addressable barrier electrodes, A and B, are formed on the front substrate of the barrier panel. A common electrode on the rear substrate is divided into 19 individually addressable segments to provide vertical scanning. The front substrate is covered with a polarizer, which is not shown in the picture for simplicity. Barrier electrodes A and B are connected to a controller, generating two square waves with a mutual phase shift at half-period. Segments are driven by similar square waves. A phase shift of each square wave is proportional to the index number of the segment. When the square waves applied to the barrier electrode and the segment are in phase, the corresponding barrier is switched to the slit mode. Applying the square waves in counterphase enables switching between barrier A and barrier B modes. When all the square waves are applied in phase, both barriers are off and 2D images can be displayed without light loss.
The pitch of the barrier's electrodes is about 75.9µm with 15µm gaps in between. Though the gaps occupy as much as 20% of the active area, the additional inserted crosstalk is as low as 1%. This can be explained by the 'fringing field' effect (i.e., leaking of electric field from the electrode edge to the gap). Another source of the additional crosstalk is residual leakage through the barrier electrodes in the on state and slow switching of the barrier from on to off. One percent of leakage has been measured in the opaque state. To eliminate the problem of slow switching, we apply the so-called 'normally white mode' to enable switching on of the barrier by activating the LC cell. The resulting switching-on time is as brief as 100µs. Also, the relaxation time (switching off) of the barrier is as short as 2.1ms. Summarizing the crosstalk caused by all these phenomena, we would expect 1.3 + 1 + 1 = 3.3% of crosstalk at the 'sweet' spot, the point in front of the screen where the 3D image is perceived.
The parallax barrier has been applied to a Samsung 14.1in high-definition active matrix LED panel with a resolution of 1366 × 768. Figure 3 shows barriers A and B as seen using a microscope: A on and B off (top), and B on and A off (bottom). Figure 4 shows the light distribution in a viewing zone under the black-white stereoscopic test. Bright and dark stripes in the photo correspond to the optimal positions of the left and the right eyes of the viewer. The intensity profile has the triangular shape typical of parallax barrier displays. To evaluate the
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crosstalk, C m, in the vicinity of the sweet spot, the luminance of the OLED screen was measured by placing a photometer in a dark stripe (I 0 ) and in a bright one (I 1 ). The crosstalk was calculated as the ratio C m = I 0 /(I 1 + I 0 ) and found to be below 5%, which is noticeably lower than previously reported. 4 Switching between 2D and 3D modes is followed by a reduction in brightness by a factor of two (in 3D mode) and does not affect image resolution.
We have proved the feasibility and good performance of a high-definition 2D/3D OLED display using a quasisynchronous scanning segmented parallax barrier. This new method provides low crosstalk and obviates the use of the barrier black mode, thus providing a brighter and sharper 3D image. Increasing the number of segments and reducing the gaps between the barrier's electrodes could lower crosstalk even further. Further research will also focus on lessening the restrictions on the position of the viewer. His master's thesis was a study of prominence and depression measurement for road surfaces using laser displacement sensors and global positioning systems. Currently he is working on 3D-display testing for Samsung Electronics.
